Abstract Background: Surgical approach is known as a risk factor that influences cup malposition while performing total hip arthroplasty (THA). However, no study has been conducted comparing cup positioning between the supine direct anterior (DA) and supine direct lateral (DL) THA approaches. Questions/Purposes: (1) Is there a difference in acetabular cup positioning between supine DA and supine DL THA approaches? (2) Are there differences in complications based on acetabular cup positioning between the two approaches? Methods: From 2012 to 2014, 186 patients who underwent primary THAs using DA approach were matched with 186 patients using DL approach by body mass index, age, and gender. Cup anteversion and abduction angles were measured from standing anteroposterior pelvis radiographs by two blinded observers. The Lewinnek safe zone was used as the standard for cup positioning. Cup anteversion, abduction angles, and complications were recorded and compared. Results: Cup anteversion was on average 3°higher in the DA approach compared to the DL approach. The abduction angle for the DA approach was equivalent to the DL approach both averaging 46°to 47°. There were more DA hips outside of the safe zone (10%) for anteversion than DL (3%) hips. There were no differences in complications between DA and DL approaches. Conclusion: There is a tendency to antevert the acetabular cup when performing THAs using the DA approach, and one must be mindful of this when implanting the acetabular component.
Introduction
Total hip arthroplasty (THA) is one of the most commonly performed orthopedic surgeries in the USA [32] . Accurate component positioning is crucial for preventing mechanical problems after THA. In 1978, Lewinnek et al. introduced the BLewinnek safe zone,^which defined acetabular cup abduction of 40°± 10°and anteversion of 15°± 10°as the optimum range for cup positioning [12] . Many studies have supported positioning the acetabular component within the Lewinnek safe zone [1, 7, 30, 31] , with an increased risk of hip dislocation reported as high as 6.9-fold greater if outside of this range [10] . Excessive anteversion has been shown to result in anterior dislocation, posterior impingement, and non-specific pain [4, 13, 20] . Retroversion can predispose patients to posterior dislocation [4] . Abduction exceeding the safe zone has also been associated with increased dislocations, anterior iliopsoas impingement, and reduced range of movement [4, 6, 20] .
Although optimal cup position has been extensively described, there is limited literature on factors influencing acetabular cup positioning. The majority of studies in literature have focused on cup positioning in minimally invasive surgery (MIS) or computer-assisted navigation THA [16, 17, 21, 25, 26, 29] . One Japanese study by Takazawa et.al. investigated the difference in acetabular cup and femoral stem positioning comparing supine direct anterior (DA) and lateral decubitus direct lateral (DL) approaches, and found that cup anteversion was higher with the DA approach [28] . However, no studies have been conducted comparing supine DA to supine DL approaches with regards to acetabular cup positioning.
Therefore, the purposes of our study were to (1) determine if there is a difference in acetabular cup anteversion and abduction between DA and DL THAs and (2) evaluate if there were differences in complications based on acetabular cup positioning between the two approaches.
Patients and Methods
A retrospective case-control study was conducted at a single institution evaluating primary, unilateral THAs performed by two senior surgeons from 2012 to 2014 with institutional board review approval. Patients were excluded if their radiographs were inadequate for determining acetabular anteversion or if the size of the femoral head was unknown, since the radiographs of these patients could not be appropriately calibrated. There were 186 supine DA patients identified that were matched to 186 supine DL patients by body mass index (BMI), age, and gender.
Patients undergoing both surgical approaches received the same perioperative care. The components used in both approaches were similar. There were 24 metal on polyethylene (MOP) and 162 ceramic on polyethylene (COP) THAs performed through the DA approach, and there were 53 MOP and 133 COP THAs performed using the DL approach. The average cup size used in the DA approach (53.9 ± 3.7 mm) and the DL approach (54.7 ± 3.9 mm) were similar (p = 0.05), as well as the head size (DA 35.2 ± 2.3 mm, DL 34.7 ± 2.7 mm, p = 0.06). Every patient received prophylactic intravenous antibiotics, intravenous tranexamic acid, m ultimodal pain control, and venothromboembolism prophylaxis. All patients were weight bearing the day of surgery, and sequential compression devices were utilized while in the hospital. Patients received in-hospital physical therapy, and most patients were discharged home. Patients were followed 4 weeks, 6 months, and yearly postoperatively.
The average age of the DA group was 67.7 ± 9.8 years, and the average age of the DL group was 68.0 ± 10. The average follow-up was 309.7 days. Table 1 lists the study demographics.
Acetabular anteversion was measured from standing postoperative anteroposterior (AP) pelvis radiographs using Martell Hip Analysis Suite 8.0.4.3 [8] . The ischial tuberosities, edge of the femoral head with a known size, inferior and superior apexes of the acetabular cup, and ellipse edge were identified (Fig. 1) . Cup anteversion and abduction angles were measured by two independent and blinded observers. The Lewinnek safe zone for anteversion was defined as 5°< anteversion angle < 25°, and the safe zone for abduction was defined as 30°< abduction angle < 50°.
Complications were defined as those that required reoperation, including dislocation, component loosening, and infection. Infection was defined by the International Consensus Meeting definition of periprosthetic joint infection (PJI) [22] .
Statistical analysis on continuous variables was performed using Student's t test, and categorical variables were analyzed using chi-squared tests. Statistical significance was set at p < 0.05. Intrarater reliability was measured with the intraclass correlation coefficient (ICC). All statistical analysis was performed with Predictive Analytics SoftWare Statistics Version 22.0 (SPSS, Chicago, IL).
Results
The abduction angle for the DA approach (mean 47.6°± 7.5°) was equivalent to the DL approach (46.2°± 10.9°, p = 0.133). On the other hand, cup anteversion was higher in the DA approach (18.1°± 5.2°) compared to the DL approach (15.0°± 4.9°, p < 0.001). There was good correlation between measurements, as the abduction angle ICC was 0.92 and the anteversion angle ICC was 0.84. There were more DA hips outside of the safe zone for anteversion. For DA anteversion, 2/186 (1.1%) were <5°and 16/186 (8.6%) were >25°. For DL anteversion, 4/186 (2.2%) were <5°and 2/186 (1.1%) were >25°(p = 0.01).
With regard to complications, there was one dislocation in the DA approach and no dislocations in the DL approach (p = 0.32). There were two PJIs in the DA group and no PJIs in the DL group (p = 0.16). There were five loose femoral stems in the DA group that required revision, and one loose femoral stem and one loose acetabular component in the DL group (p = 0.25). 
Discussion
To date, no studies have been conducted comparing supine DA to supine DL approaches with regard to acetabular cup positioning. The purposes of this study were to evaluate the difference in acetabular cup anteversion and abduction and to compare complications between supine DA and DL THAs. We found that cup anteversion tended to be higher in DA approaches with more cups placed outside the Bsafe zone.^Complication, however, was not increased in the DA approach. Our study has several limitations. Firstly, this is a retrospective control cohort study. The bias in patient selection, lack of randomization, and difference in operative techniques between surgeons might exist in this study. However, our study was designed to eliminate patient selection bias by matching two groups of patients with BMI, age, and gender. We did not analyze the outcomes for the senior authors individually, as both senior authors are high-volume surgeons who are well-experienced in DA and DL approaches, which could eliminate possible surgical technique bias [2, 5] . Secondly, the use of plain radiographs rather than CT scans to measure cup positioning may have led to slight variations based on patient pelvic tilt and rotation. Retroverted cups, although theoretically rare in the DA approach in experienced surgeons' hands, are difficult to identify on pelvis AP plain films alone, and oblique or cross table lateral radiographs are required. We used Martell Hip Analysis Suite to measure cup abduction and version angles, and the reliability of this software has been previously demonstrated [5] . Thirdly, we did not measure the rotational position of the femoral stem in the femoral canal. Finally, short-term follow-up on these patients may not have captured all of the complications from these surgical approaches.
Dislocation, which is a multifactorial issue, is one of the most common complications after THA [27, 30] . Precise implant positioning is important for postoperative function and stability [1, 4, 6, 13, 15, 20] . The radiological safe zone of 40°± 10°abduction and 15°± 10°anteversion for acetabular component position was described by Lewinnek et al. [12] , and cups placed outside this zone had been shown to have 4-6.9 higher dislocation rates than those within it [4, 9, 10, 12] . Although optimal cup position has been extensively described, there is limited literature on the factors influencing acetabular cup positioning. Some authors have demonstrated that surgical approach is a risk factor that influences cup malposition [5, 28] , while others have failed to demonstrate it [2] .
The average abduction angles for the DA (47.6°) and DL (46.2°) approaches in our study were comparable to those reported in literature, ranging from 39.3°to 47.1°for the DA approach and 42.7°to 45°for the DL approach [3, 14, 18, 19, 24, 28] . Our study showed that cup anteversion was higher in the DA approach (18.1°± 5.2°) compared to the DL approach (15.0°± 4.9°) and DA hips also had more cup anteversion outside of the safe zone than the DL approach (9.7% vs 3.2%). This finding supports a previous study by Takazawa et al. comparing the lateral decubitus DL approach to the supine DA approach [28] . They demonstrated that mean cup anteversion angles with the DL approach (17.3°± 10.0°) were significantly lower than the early-stage DA approach (26.6°± 8.1°) and the late-stage DA approach (21.0°± 8.0°). However, in their study, the standard deviation of cup anteversion with the DL approach was significantly larger than the early and late DA approaches. In our study, the standard deviation of cup anteversion was similar between groups. For the study by Takazawa et al., the dislocation rate was 2.2% (5/224) in the DL approach, 4.2% (3/72) in the early DA approach, and 0.4% (1/270) in the late DA approach [28] . The dislocation rate was lower in our study, as there was only one dislocation (0.5%) in the DA group and no dislocations in the DL group.
Cup anteversion has also been studied using the DA approach or comparing the DA approach to the posterior approach with or without the use of intraoperative fluoroscopic guidance. In general, studies have reported mixed results with regard to cup anteversion using the DA approach. Matta et al. reported on 458 THAs performed through the DA approach with fluoroscopic guidance and found a mean cup anteversion of 19.4°± 5.2°with 96% of the cups within the target anteversion range of 10°-25° [14] . With regard to comparative studies, Nakata et al. compared the DA approach to the posterior approach and found that cup anteversion angle in the DA approach (19.6°± 0.5°) was significantly higher than the posterior approach (17.9°± 0.6°) [18] . They found that 99% of the DA group was within the Lewinnek safe zone, but only 91% of cups in the posterior approach group were within the safe zone. Barrett et al. reported a significantly lower mean and standard deviation for cup anteversion (20.1°± 5.9°) with fluoroscopically guided DA approach compared to the posterior approach (25.8°± 8.1°) [3] . Rathod et al. demonstrated that mean cup anteversion angles with the DA approach (13.3°± 4.0°) were significantly lower than THAs performed during the learning curve stage of the DA approach (20.2°± 6.3°) and posterior approach (24.0 ± 8.7°) [24] . They also determined that the anteversion safe zone was achieved more often in the DA group (97%) than in the posterior approach group (77%). Our study was comparable to these studies with regard to mean cup anteversion angle in the DA approach. However, a lower rate of anteversion angles within the Lewinnek safe zone was achieved in our DA patients (90.3%) compared to those in the studies by Nakata et al. (99%) and Rathod et al (97%) [18, 24] .
Despite the higher cup anteversion angles and more acetabular components outside of the safe zone in the DA approach, our study did not find any significant differences in complications between DA and DL approaches, including dislocation, PJI, and aseptic component loosening. As previously mentioned, dislocation after THA is a multifactorial issue involving patient and surgical factors [27, 30] . Acetabular component malposition is only one factor that contributes to increased dislocation rates, as other factors include limb-length discrepancy, component impingement, bearing surface wear, pelvic osteolysis, and revision surgery [11, 12, 23] . Components with high degrees of anteversion correlate with an increased prevalence of anterior dislocation [4, 13, 20] , while those with retroversion correlate with an increased risk of posterior dislocation [4, 12] . Thus, care must be taken to place the acetabular component in the ideal location. For surgeons who perform the DA approach, understanding the tendency of anteverting the cup must be kept in mind so that implant position can be appropriately adjusted. Intraoperative fluoroscopic guidance can be used during the DA approach to improve acetabular component placement in both abduction and anteversion angles [14, 24] .
In summary, there is a tendency to antevert the acetabular cup when performing THAs using the DA approach, and one must be mindful of this to adjust implant positioning. Whether cup positioning outside of the safe zone is associated with poor clinical outcomes remains to be determined. Further studies are needed to evaluate the incidence of dislocation and its association with anteversion in the DA approach, but our findings highlight the tendency to antevert the acetabular component when utilizing the DA approach for THA. Informed Consent: Informed consent was waived from all patients for being included in the study.
Required Author Forms Disclosure forms provided by the authors are available with the online version of this article.
